Objective: The Great East Japan Earthquake triggered a massive tsunami that devastated the coasts of northern Japan on March 11, 2011. Despite the large number of "resident survivors," who have continued to reside on the upper floors of damaged houses, few studies have examined the mental health of these residents. We explored the prevalence and risk factors of post-traumatic stress reaction (PTSR) among resident survivors. Methods: A cross-sectional household screening for health support needs was conducted among resident survivors in Higashi-Matsushima city, Miyagi, 2 to 4 months after the tsunami. Questions assessing PTSR were included in the screening interviews. Results: Of 5103 resident survivors, 5.7% experienced PTSR. PTSR risk factors, identified via regression analysis, differed according to the height of house flooding. When house flooding remained below the ground floor, PTSR was significantly associated with being female and regular psychotropic medication intake. These 2 factors in addition to being middle-aged or elderly and living alone were also risk factors when flood levels were above the ground floor. Conclusions: Following the tsunami, PTSR was found in a considerable number of resident survivors.
O n the afternoon of March 11, 2011 , the Great East Japan Earthquake (a magnitude 9.0 undersea earthquake with an epicenter around 70 km off Japan's Pacific Coast) triggered a massive tsunami that caused widespread devastation in the coastal areas of northern Japan. The tsunami's waves reached heights of 40 meters. By March 11, 2013, 15 ,882 people had been confirmed dead, with a further 2668 missing. 1 Drowning was the predominant cause of death (90.6%). 2 In the coastal city of Higashi-Matsushima, Miyagi Prefecture, 65% of urban areas were engulfed by the tsunami, which traveled as far as 3 km inland. Inundation rates of Higashi-Matsushima city were the highest of the municipalities hit by the tsunami. 3 On September 1, 2014, the city office reported that 1109 of its 43,000 residents had died. In total, 97% of the houses were completely or almost completely destroyed; 76% and 21% were completely and almost completely destroyed, respectively. 3 In the wake of the tsunami, as many as 1 in 3 of the city's residents were displaced, and evacuation centers were seriously overcrowded. 4 Some survivors, however, remained in their damaged homes, while others only returned to their houses from the evacuation centers once the floodwaters had subsided. Where lower levels had been destroyed by the tsunami, these "resident survivors" were often forced to live on the upper floors of their homes.
There were few resident survivors in the inundation areas, because the tsunami destroyed approximately 75% of the houses in the locations in which its height reached 0.5 m and more than 80% of the houses in locations in which its height reached beyond 2.5 m. 5 Moreover, distribution channels and medical institutions in the city were severely damaged and lifeline utilities cut off. Anecdotal reports indicated that resident survivors struggled with insufficient medical care and emergency support in their homes, many of which were almost entirely covered in mud at the ground level.
In areas inundated by the tsunami, with the exception of regions in which all homes had been destroyed, the local health office conducted household screening for health support needs. 4 The health interview conducted with resident survivors evaluated their mental and physical health status with the explicit priority of identifying all health service needs. Screened survivors were then referred to regional medical facilities, where the necessary health services were provided. Such services included examination by medical doctors, examination by psychiatric specialists, prescription of medication, and home-care assistance.
Post-traumatic stress disorder (PTSD) is a significant concern among those directly affected by disasters. Being female is commonly known to be one of the predictors of PTSD following disasters such as earthquakes, 6, 7 tsunamis, 8 and tornados. 9 Other predictors of PTSD have been found to be loss of livelihood, 5, 8 witnessing others' suffering, 10 direct exposure to the disaster, 8, 10, 11 older age, 6, 8, 12 and loss of possessions. 7, 13 Studies into the aftermath of tsunamis that followed the massive undersea earthquakes in Indonesia in 2004 and on the northern coast of Japan in 2011 reported greater prevalence of PTSD among displaced persons than observed in nondisplaced persons. [14] [15] [16] However, PTSD was shown to decline over time. 8, 14, 17 Previous studies have also reported that strong social ties are linked to a lower risk of the development of mental health problems. [18] [19] [20] [21] [22] After trauma, social support is inversely related to PTSD. 13, 21, 23 To date, receiving social support has been shown to have negatively affected the development of PTSD in tourists at 6 months after the tsunami; 8 however, little is known regarding resident survivors during subacute periods following a tsunami or how social ties affect the mental health of such individuals when vital community links are severely devastated.
In order to design and implement more effective public health response measures, there is a need to better understand the impact of tsunamis on the mental health of resident survivors. To address this issue, this study aimed to explore the prevalence and risk factors of post-traumatic stress reaction (PTSR) among resident survivors of the tsunami caused by the Great East Japan Earthquake of 2011.
METHODS
We conducted a cross-sectional household screening for health support needs.
Study Sites
Thirty-one completely or partially flooded local administrative areas were targeted for household screening. Overall, there were 7084 registered households in the study area, 4672 (59.9%) of which were subsequently confirmed to be inhabited via the screening. 4 
Data Collection
Household screening began on April 26, 2011, and was completed by July 29, 2011. Screening was conducted by public health nurses from Higashi-Matsushima city and other regions offering assistance to local health officers. The screening was rolled out from areas with the most severe destruction, because demand in those areas was deemed the greatest.
The Target Population
The target population of this study comprised individuals who continued to reside in their damaged houses in targeted tsunami-flooded areas, who were aged 15 years or older, and who were contactable, in person, at home. In some cases, individuals whose houses were not flooded were also included in the screening, because of the manner in which the census was administered in some regions of the city. The exclusion criteria were having stayed at evacuation centers or having moved outside the flooded areas, being aged less than 15 years, and not being able to be contacted at home. Screening involving those aged less than 18 years was only conducted once parental consent was obtained.
In total, 5455 residents aged 15 years and older were contacted, in person, at home; however, a total of 15,503 registered residents of all ages were screened. Primarily because of work or school commitments, more than half of the household members were not present at the time the surveys were conducted. By extension, those who were included in the daytime screenings were most likely to have been those who were home during the tsunami.
Questionnaire
A questionnaire was administered to participants and gathered demographic data such as age and sex, as well as other personal information such as physical status (eg, any chronic medical conditions and medication), mental status (including depressive reaction and PTSR), and the direct impact of the tsunami on their homes (including flooding in the house; disruption of lifeline utilities such as water, electricity, and gas; and direct exposure to seawater). During previous visits, public health nurses had determined that survivors were reluctant to talk about lost employment or deceased or missing family members; therefore, these issues were not included in the questionnaire.
Dependent Variables
The dependent variable in this study was PTSR, which was assessed by using the core variables from the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) 24 selected by psychiatric specialists. The selection rationale was
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Disaster Medicine and Public Health Preparedness supported by a higher lifetime prevalence of symptoms of criteria B, C, and D associated with trauma. 25 A 3-item measure was applied for this screening. These core variables were included in the household screening, mainly because of tight time constraints and the wide range of responses that were to be obtained. Psychiatric specialists did not include criteria A1 or E in the DSM-IV, because all of the survivors were exposed to an extreme traumatic stressor involving direct personal experience of an event that threatened death (ie, the tsunami, which was criterion A1), and the duration of the disturbance appeared to exceed 1 month (criterion E). Streamlining the questions also allowed the psychiatrists to identify those individuals who needed immediate diagnosis and treatment more quickly.
The following 3 items were used to screen individuals for PTSR:
1) Do you react with inappropriate sensitivity to trivial noises or movement?
2) Do you avoid places, people, and topics that remind you of the earthquake and/or the tsunami?
3) Do you think about the tsunami even though you would rather forget it?
Respondents who agreed with all items 1, 2, and 3 were deemed to be suffering from PTSR.
Independent Variables
Age and sex were collected as demographic data in this study. Age was categorized into 3 groups (15-39 years, 40-64 years, and 65 years and older) in accordance with the criteria outlined by the World Health Organization for defining people of middle age and the elderly. 26 The number of cohabitants was measured as an indicator of social ties in this study. Cohabiting families, communities, schools, and places of work often provide social ties, but the tsunami destroyed many community links, and resident survivors were sporadically distributed across devastated areas. Not wishing to distress the respondents, the public health nurses decided not to ask questions related to previous community, school, or workplace ties. Cohabitants were categorized into tertile groups in order to examine whether this variable was significantly associated with the risk of onset of PTSR.
Height of house flooding and direct exposure to seawater were recorded as indicators of the impact of the tsunami on resident survivors. The height of house flooding was categorized into 3 groups in descending order of severity: above the ground floor, below the ground floor, and no flooding. The mortality rates were classified into 5 categories according to place of residence. The availability of lifeline utilities (water, electricity, and gas) under post-disaster conditions was also assessed and adjusted to examine the impact of the tsunami on PTSR, because the availability of these services was expected to affect the behavior and attitudes of the respondents.
Analysis
Data were analyzed by using SPSS statistics version 21 for Windows (IBM Corp, Armonk, NY). Chi-square tests for univariate analyses were conducted. Stepwise logistic regression was performed to explore the risk factors of PTSR, using all variables simultaneously stratified according to height of house flooding. Regression analyses were adjusted by the number of weeks that had elapsed between the tsunami and the screening and by mortality rate at the place of residence. 27 Statistical significance was set at P < 0.05.
Ethical Considerations
The Research Ethics Committee of the National Center for Global Health and Medicine, Japan, reviewed and approved all screening procedures (ethical approval code: NCGM-G-00110300). The National Center for Global Health and Medicine acted in collaboration with the city of Higashi-Matsushima with regard to the restoration of public health. Participants were informed about the screening objectives and procedure via verbal explanation, and written consent was obtained before enrolment. Eighty-seven household members declined to participate in the screening.
RESULTS
The results of the univariate analysis of PTSR in the respondents are shown in Table 1 . More respondents were female (63.0%) and aged 65 years or older (36.9%) relative to those in the city population (51.0% and 22.6%, respectively). A total of 81.1% of the respondents lived in flooded houses in totally or partially flooded administrative areas. Approximately 10% of the respondents lived alone. The prevalence of PTSR was 5.7%.
The results of the univariate analysis of PTSR, stratified according to the height of house flooding, are shown in Table 2 . PTSR was not significantly associated with variables for respondents whose houses were not flooded. Female resident survivors living in houses flooded both below (P = 0.019) and above (P = 0.031) the ground floor were more likely to experience PTSR. Regular intake of psychotropic medications (P < 0.001), direct exposure to seawater (P = 0.018), and age (P = 0.011) also predicted PTSR among people whose houses were flooded above the ground floor.
The results of the stepwise logistic regression analysis of factors associated with PTSR, stratified according to degree of house flooding, are shown in Table 3 . None of these factors significantly predicted PTSR for the respondents whose houses were not flooded. For the resident survivors whose houses were flooded below the ground floor, the odds of 
DISCUSSION
The results of this study demonstrated a PTSR prevalence of 5.7% in the resident survivors at 2 to 4 months (the subacute period) after the March 11 tsunami. To our knowledge, this is the first study to examine PTSR in resident survivors following a tsunami. The DSM-IV diagnostic criteria were partly applied in this study; however, the results revealed that the prevalence of PTSR was much higher in respondents than it was in the general population, as shown in the benchmark World Mental Health Japan Survey 2002-2003, which also used the DSM-IV criteria (the prevalence rate of PTSD within the preceding year was 0.4%; 95% CI: 0.0-0.8). 28 Vulnerability to PTSR in the resident survivors was associated with the height of house flooding. Tsunami height changes significantly according to slight changes in coastal topography. For example, the height of a tsunami increases sharply when the tsunami reaches shallow coasts or narrow bays; therefore, some inner areas were hit by the tsunami independent of their distance from the coast, because the tsunami traveled along the rivers. 29 Therefore, the height of house flooding could be considered one of the predictors of PTSR in resident survivors of a tsunami; this is unlike earthquakes and terrorist attacks for which distance from the epicenter 30 and site of the attack, 13 respectively, predict PTSD.
In addition, the height and speed of the flood affect residents' ability to evacuate because it is more difficult to walk through fast-running water. During a huge typhoon in Japan in 1959, the height of the flooding made it difficult for evacuees to walk. Male adults, female adults, and children aged 10 to 12 years experienced difficulty in walking through the water at depths of approximately 0.7 m, 0.5 m, and 0.2 m, respectively. 31 The estimated rate of death caused by a tsunami increases sharply when the depth of the floodwater exceeds 0.7 m (0.01% at 0.3 m, 4.8% at 0.5 m, 71.1% at 0.7 m, and 100% at 1.0 m), based on past records of tsunamis. 5 Furthermore, the height of the ground floor is generally approximately 0.5 m in Japanese houses; 32 therefore, house flooding of a height over 0.5 m (eg, 0.7 m) was close to marginal with respect to evacuation. For these reasons, many of the resident survivors who lived in houses flooded above the ground floor might have been exposed to a high risk of peritraumatic distress, which occurs at the time of and 
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Disaster Medicine and Public Health Preparedness immediately following trauma. Peritraumatic distress is known to be one of the predictors of PTSD; 23, 33 therefore, it would be preferable if future studies on the present topic also use a peritraumatic distress scale. 34 The results of this study showed that being female was significantly associated with PTSR, which was consistent with the results of previous studies. [6] [7] [8] [9] Given the lack of stability that women relative to men experience when walking through running water, which is influenced by the strength and height of the water flow, 35 peritraumatic distress caused by the perception of difficulty in achieving safe evacuation may cause more severe PTSR in women than in men.
The determinants of PTSR experienced by resident survivors differed according to the height of house flooding. As flood height increased, the number of factors predicting PTSR also increased in this study. For example, resident survivors who used psychotropic medication regularly and lived in houses flooded below and above the ground floor were 3.8 and 2.5 times more likely to experience PTSR, respectively. However, this significant association was not found between resident survivors who used psychotropic medication regularly but did not experience house flooding. For middle-aged resident survivors who lived in houses flooded above the ground floor and experienced direct exposure to seawater, the number of weeks that had elapsed since the occurrence of the tsunami was significantly associated with experiencing PTSR. There are 2 possible reasons for this.
First, anecdotal reports indicated that although evacuees wished to remain in the evacuation centers, they found it difficult to do so, owing to health problems, such as autism, alcoholism, and schizophrenia, experienced personally or by their family members. For the resident survivors whose houses were flooded above the ground floor, returning to their homes 
Disaster Medicine and Public Health Preparedness
750
VOL. 10/NO. 5
at the time of the flood or immediately thereafter would have caused a considerable degree of peritraumatic distress. 23 Results also indicated that for the resident survivors whose houses were not flooded, regular intake of psychotropic medication was not associated with PTSR. Therefore, there is a clear need for special support for resident survivors who regularly used psychotropic medication, particularly those whose houses are flooded above the ground floor, as this would be helpful in reducing the incidence of PTSR in this group.
Second, on the basis of the stratified regression analysis of PTSR, factors that have been shown to be predictors of PTSD in numerous previous studies, such as gender, were not observed in respondents whose houses were not flooded.
One possible explanation was voiced by health personnel who worked in inundated areas: the resident survivors appeared to confront their lives and environments in a beneficial manner and possessed a greater ability to cope with stressors. These remarks may represent a sense of coherence, a concept developed by the health sociologist Antonovsky.
36
A former study in Japan showed that possessing a sense of coherence was positively associated with good mental health. 37 Future studies should examine sense of coherence in resident survivors by use of a validated scale. 38 PTSD risk could be managed more effectively if an approach is found to reduce respondents' burden during data collection by using variables such as employment loss or the death of family members.
The results of this study demonstrated that cohabitation could alleviate PTSR in resident survivors whose houses were flooded above the ground floor; resident survivors were 2 and 3 times less likely to experience PTSR if they lived with 1 to 6 and more than 6 people, respectively. Similarly, weaker social ties predicted PTSD following a terrorist attack 13 and aircraft accident. 39 In communities in which many houses had been damaged or destroyed, resident survivors did not receive sufficient social support and were prone to isolation. Although people differ according to their family circumstances, and some people prefer to live alone, the findings indicate that social support should be provided to resident survivors who live alone in devastated areas, regardless of their backgrounds.
The association between the number of weeks since the occurrence of the tsunami and PTSR decreased according to the time that had elapsed since the tsunami. These results 
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We noted some limitations, which may have had an effect on the scope and generalizability of the results. Although identifying a number of variables from the DSM-IV criteria allowed us to focus in depth on these factors in our study, it also presented a limitation with respect to the extent to which we were able to learn about respondent survivors' mental health. In future studies, the full use of validated scales, with fewer questions, that can be applied in household screening should be considered. In this study, the people who met the definition of PTSR were referred to visiting medical and care systems for further assessment and treatment. Second, a greater proportion of elderly women were included in this study than in the city's population. These elderly female residents were also more likely to have been affected by the tsunami while at home, as the earthquake happened at 2:46 PM. Even though we had reasons for the choice of design in the present study, a random sampling survey might have been more representative of the population by including all households without limited penetration (eg, of people working and out of the house). Third, the screening was conducted earlier in areas in which destruction was greater; therefore, the regression analysis may have been strongly influenced by the number of weeks that had elapsed since the tsunami. Fourth, the questionnaire did not include any variables concerning deceased or missing family members; lost jobs; depth of exposure to the tsunami; variables related to the survivors' social networks, other than number of cohabitants; or variables related to emotional responses experienced during and immediately after the tsunami, such as peritraumatic distress, 32 because it was apparent in the pre-interviews that the respondents were reluctant to answer such questions. Future studies that include these variables are required if an approach can be found to make such inquiries less burdensome. Fifth, this study could not reveal causality, because of the nature of cross-sectional studies.
CONCLUSIONS
The results suggest that PTSR is found in a considerable number of resident survivors following a tsunami. The predictors of PTSR differed according to the height of house flooding. PTSR was significantly associated with female sex and regular intake of psychotropic medication in resident survivors whose houses were flooded below the ground floor. These 2 factors, in addition to fewer weeks having elapsed since the tsunami, being middle-aged or elderly, direct exposure to seawater, and living alone, were also associated with experiencing PTSR in resident survivors whose houses were flooded above the ground floor. Facing the aftermath of an unprecedented tsunami, considerable effort was made to increase resilience, despite the limited health resources; however, the results of this study suggest that resident survivors still had a high risk of developing PTSR.
Further attention and support for people living with psychiatric medication, their families, and people living alone are suggested as a possible direction for public health strategies following a devastating tsunami so as to prevent the development of PTSR in resident survivors and maximize the impact of the limited available health resources.
